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BASIC  CALCULATED  RELATIONSHIPS  CP  ACYCLIC  ELECTRICAL  MACHINES  NITHOOT 
A  FERROMAGNETIC  CIRCUIT 

Candidate  of  Technical  Sciences,  B.  L.  Aliyevskiy;  Doctor  of 
Technical  Sciences,  prcf.  A.  1.  Eertinov;  Engineers  B.  L.  Or lev  and 
A.  G.  Sherstynk. 

Moscow. 

Introduction. 

The  application  of  direct-current  acyclic  aachines  ( an)  which  do 
not  contain  a  ferroaagnetic  circuit  is  proaising  in  connection  with 
the  use  of  cryogenic  technology  and  superconductivity  for  creating  a 
new  type  of  electrical  cguipaent.  The  design  cf  such  DM  is 
coaplicated  by  the  essentially  renunifora  distribution  of  the 
aagnetic  field  in  their  active  zcnc.  Estiaating  aetheds  of 
calculating  the  eaf  of  the  ua  araature  are  presented  in  [ 1,  2].  As  an 
experiaental  check  showed  £3],  in  a  nuaber  of  cases  they  give 
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satisfactory  results.  Co  the  basis  of  these  aethods  and  approxiaate 
relationships  for  designing  adenoids  [  4  ]  an  atteapt  was  aade  to 
graphically  assign  the  range  c i  the  aost  expedient  diaensions  of 
excitation  coils  [5,  6].  Up  until  now  a  general  aethod  has  not  been 
developed  for  deteraining  the  diaension  of  the  OB  araature  without  a 
ferroaagnetic  circuit. 

Prospects  for  the  use  of  the  exaained  oa  in  various  branches  of 
technology  [7]  and  the  uzgency  of  creating  eccncaically  advantageous 
acyclic  generators  and  high~po*et  aotors  based  on  the  use  of 
superconductors  and  particularly  pure  aetals  fcr  their  inductance 
coils  [8,  9]  require  the  development  of  refined  aethods  for  designing 
these  aachines.  The  araature  of  a  OB  in  the  general  case  aay  have  a 
collector  rod  winding  with  various  cooling  systeas.  In  the  present 
work  we  exaaine  the  basic  problcas  of  the  electroaagnetic  design  of  a 
OH  without  a  ferroaagnetic  circuit  with  optimization  cf  the  geoaetric 
paraaeters  of  the  ring  inductance  coil  performed  using  nunerical 
aethods  on  a  computer. 

Deteraination  of  the  Bain  Diaensions. 

With  an  assigned  rate  of  rotation,  diaaeter  D  and  the  active 
length  1  of  the  Ufl  araature  are  determined  fcy  the  electroaagnetic 
load  of  the  aachine.  Following  a  known  aethed  [1,  10]  it  is  possible 
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to  obtain  several  foras  cf  the  Sasic  design  equation  of  OH  which  are 
presented  below,  when  designing  a  OH  with  a  superconducting 
inductance  coil  it  is  convenient  tc  use  the  aaxiaua  value  of 
induction  E*,  in  the  aagnetic  systea  which  aust  net  exceed  the 
critical  value  BN  .  The  linear  lead  and  correct  density  of  the 
araature  are  deterained  fcy  the  aethod  of  its  cooling  and  the 
peraissible  value  of  the  electrical  losses  of  power  taking  into 
account  the  experience  cf  electrical  aacbine  building.  It  was 
established  that  indepcrdently  cf  the  structural  diagraa  (Pig.  1)  the 
diaaeter  D*2R  of  the  araature  during  the  designing  of  a  OB  with  a 
single  pair  of  current«ccllecting  circuits  say  be  calculated 
according  to  the  relatlcsship 


(D 

where  n  are  the  electroaagnetic  power  and  the  rate  of  rotation; 
x*l/D  is  the  structural  coefficient.  The  coefficient  cf  use  cf  the 
active  voluae 

where  D*|*Dj/D*Rl/8  1  is  the  relative  diaaeter  of  the  circuit  the 
current~collecting  ring  cr  of  the  collector  nearest  to  the  excitation 
coil;  D*2*D2/0«Ra/B  is  the  relative  diaaeter  cf  the  current  collector 
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at  a  distance  froa  the  azaaiaad  ceil;  k*.«  is  the  coefficient  of  the 
shape  of  the  curve  of  the  current  in  the  rods  of  the  araature; 
Aa-*Scp/5m~0.1vi  ia  the  ccefficient  of  distribution  of  induction. 

As  BCp  we  take  the  average  value  of  aagnetic  induction  cn 
surfaces  S  (Pig.  1)#  connecting  the  circuits  cf  the  current 
collectors.  The  linear  lead  cf  the  araature  in  the  general  case 


(2) 

where  i (t)  is  the  current  in  the  red  with  a  period  of  change  T ;  N  is 
the  nuaber  of  active  reds  of  the  araature  winding. 

Expression  (2)  for  practical  calculations  can  be  conveniently 
represented  in  the  fora 

where  /*  and  c*  nee  the  current  cf  the  araature  circuit  and  the 
nueber  of  series-connected  rods  cf  the  araature  winding. 


For  a  aachine  with  a  continucus  rotcr  ce  *1  and  For 

collector  UH  with  an  araature  winding  of  the  rod  type  [9]  the  values 
of  the  coefficient  aay  be  deterained  during  detailed  investigaicn 
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cf  probleas  of  coaautatica.  In  the  sinplest  case,  assaaing  that 
coaautation  is  rectilirear,  tba  distance  between  adjacent  brushes  bp 
is  equal  to  the  width  et  the  collector  plate  and  on  the  basis  of 
this,  analyzing  the  fora  of  curve  i(t)  for  the  coefficient  of  brush 
overlap  »1  we  obtain  2/V/3«  1.155  with  values  of  the  coefficient 
0M(  greater  or  less  then  one  the  ccefficent  approaches  one.  In 

all  variations  increases  with  bv>bH,  inasauch  as  function  i(t) 
has  the  character  of  pulses  with  relatively  large  pauses.  In 
particular  if  P*-l,  b9-2b„  then  1,41. 

Calculations  show  tfcat  in  a  cylindrical  DR  (Pig.  la)  it  is 
possible  to  assuae  that  >*1.25-2.0  with  in  a  disk  aachine 

(Pig.  1b)  with  D*a»0. 2-0.3  we  have  x«(D*t--0*a)/2cos()*»O,35— 0,45.  A  further 
increase  of  X  is  not  expedient  especially  for  aachines  with 
relatively  snail  dinensiens  of  the  inductance  coil  since  in  addition 
to  an  insignificant  increase  cf  the  eaf  there  is  a  significant  rise 
in  electrical  losses  atd  in  the  weight  of  the  azaature. 
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Fig.  1.  Design  diagrams  of  a  cylindrical  (a)  and  a  disk  (b)  acyclic 
•achine. 


For  an  acyclic  aotoz  it  is  soaetiaes  convenient  to  write 
relationship  (1)  through  the  alcctroaagnet ic  loaant 


(3) 


VW: 


9, 


In  constructions  vith  a  solid  rotor  as  an  index  of  the  current 
load  it  is  also  possible  to  ose  the  current  density  in  the 
araature.  The  equations  (1)  and  (3)  assuae  the  fora 
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4) 


(5) 


The  coefficient  characterizing  the  use  of  the  active  voluae  of  a 
cylindrical  oh 

o'. -0,25  n*D*ika£m/«. 


where  j^AIn/nD2  is  the  calculated  density  of  cucrent  in  the  cylinder 

[1]. 


For  a  disk  aachine 

o'.-0,5  n*{Dmi+£>*i)b*DkaBmln, 

where  /,— fnlnDbD,  fr*D— 6o/i?  are  the  current  density  and  the  relative 

width  of  the  disk  on  tie  periphery. 

In  those  cases  when  the  cate  cf  rotation  n  is  not  a 
preconditioned  value,  relationships  (1)  and  (4)  nay  be  converted 
introducing  the  greatest  pecaissible  linear  velocity  in  the  contact  vK: 
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<6) 


(7) 


«Vp# 

*D*,e 


wh«r«  Cn-DJDt  is  the  coefficient  taking  into  account  the  difference 
in  the  disaster  of  the  real  contact  surface  fxos  that  of  the 
equivalent  circuit  of  the  current  collector 


For  excitation  windings  sanufactured  frca  especially  pure  aetals 
(alusinus  brand  A999  or  berylliua)  with  low-teaperature  cooling  (with 
hydrogen#  neon  or  nitrogen)  relationships  (1)  and  (4)  are  expediently 
expressed  in  a  different  fore.  Using  the  concept  of  average  current 
density  Q—  the  total  aasnetizing  force  of  all  coils  and 

the  total  area  of  the  transverse  section)  in  the  inductance  coil 
consisting  of  at  coils  we  have 


(8) 


«S£, 

'•5*7 


UA. 


iith  a  solid  rotor  for  cylindrical  OH 
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For  disk  machines 

(10)  D=VH' 

Here  p„=4»»10'7  H/a;  E0*C. 1-3  is  the  diaensiooless  coefficient 
(relative  eaf)  taking  into  account  the  geoaetry  of  the  un  and  the 
current  distribution  in  the  inductance  ceil  which  is  functionally 
connected  with  kf  by  the  relationship 

E,  =  2*kg  •  B*m  (D*,  +  D*t)  !• 

The  coefficient  (relative  value  of  greatest 

induction)  with  a#=1  say  be  deterained  froa  graphs  [4,  p.  309];  with 
a9>1  according  to  [4]  as  approximate  det eraination  of  R*  is  possible. 
A  refined  value  a*  is  obtained  during  calculation  of  the  aagnetic 
field  of  the  inductance  coil. 

The  aost  expedient  values  cl  coefficients  o'»,  x,  x'  for  various 
types  of  aachines  and  vaxio'b  types  of  applications  cf  aaterials  aay 
te  refined  in  proporticn  to  the  accuaulaticn  cf  experience  in 
designing  and  aanufacturing  UB  without  a  f errcaagnetic  circuit.  The 
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value  of  the  diaieter  obtained  fro  a  one  cf  the  relationships  (19  and 
(3) -(10)  aay  be  used  directly  in  designing  taking  into  account  the 
corresponding  liaitaticns  with  respect  tc  thereal  conditions, 
aechanical  strength,  etc.  and  also  be  considered  as  the  first 
approxiaation  during  subsequent  overall  optimization  of  the  nachine 
according  to  the  selected  criteria.  The  active  length,  i.e.,  the 
distance  between  two  current  collectors  cf  eppesite  polarity,  for  all 
fores  of  the  basic  design  eguatico  (1)  is  1=AE. 

Deter aination  of  the  Optimum  Dimensions  cf  the  Inductance  Coil. 

As  a  criterion  cf  eptiaizatien  we  select  the  vclune  of  the 
excitation  coil  V  since  the  basic  characteristics  of  the  inductance 
coil  -  the  weight  of  the  winding  G  and  the  electrical  losses  in  it 
(for  nonsuperconducting  CM)  -  significantly  depend  cn  V.  Dependence 
G$ (V)  with  a  constant  charge  coefficient  of  the  winding  is 
practically  linear.  Electrical  lesses  in  inductance  ceils  nade  of 
especially  pure  aetals  fer  one  and  the  sane  values  of  the  internal 
radius  of  the  coil  and  cf  the  average  current  density  in  it  with  an 
increase  of  V,  increase  faster  than  the  linear  function  of  voluae. 
This  is  explained  by  an  increase  in  the  intensity  of  the  aagnetic 
field  and  conseguently  by  a  decrease  of  the  average  electrical 
conductivity  of  the  visaing  aaterial. 
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Arguments  of  optimisation  are  the  external  radios  RH  and  width 
b  cf  the  axisyeeetric  inductance  ceil  with  a  rectangular  transverse 
section.  The  internal  zacios  ct  the  excitation  coil  is  assigned 
by  the  equality  #•*»£*•£  (/?*,  is  the  structural  coefficient) .  The 
■utual  arrangeaent  of  the  examined  coil  and  the  arsature  is 
characterized  by  parameter  zt  (Fig.  1)  acd  is  determined  from  the 
condition  of  the  maximum  eaf.  Ose  cf  the  principle  of  superposition 
makes  it  possible  to  limit  the  analysis  to  the  examination  of  an 
elementary  UH  containing  one  coil  and  a  Fair  cf  current-collecting 
rings.  In  such  a  OH  eaf  is  assigned  by  the  relationship 

01)  E*"Cgn(Q  i — 

where  O*,  Oh  ace  magnetic  fluxes  permeating  the  vicinity  of  the 
current  collectors. 

Let  us  determine  the  flux  through  the  circuit  (r,  z)  in  a  linear 
medium  (with  p*jj0)  from  the  annular  inductance  coil  with  an  azimuthal 
current  density  using  the  vector  potential  cf  the  magnetic  field 
of  excitation, 

®  =  §  AfdL  =  2%rAr 


02) 
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where  is  the  azimuthal  ccapcnent  of  the  vector  potential. 

Using  the  integral  representation  of  the  vector  potential  [1] 
expression  (12)  nay  he  written  in  the  fora: 


(13) 


♦=1*. 


Mt.  t)'tcoM 
~rWT) 


whereby  the  distance  free  the  pcint  of  integration  ($,  ;)  to  the  point 
of  observation  ( r ,  z)  p-(H+5*— 2r gcosq»+  (?-_;)*jo.3 


Testing  (11) 
to  zt  taking  (12) 


for  the  extra  ana  by  differentiating  it  with  respect 
into  account  leads  to  the  equality 


l1**)  RiBn-Rtf* 

In  the  limit  with  Ba*Q  or  2  a— *•,  i.e.,  when  the  radial  component 
of  induction  from  the  examined  ceil  Brz  in  pcint  (Ba,  za)  is  equal 
to  zero,  equation  (14)  is  satisfied  with  zt*b/2,  since  in  this  plane 
BMRu  z,)-0.  For  satisfaction  of  equation  (14)  with  Bf#0  and  with 
finite  values  za  it  is  necessary  that  za>b/2.  However,  calculations 

i  _ 
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show  that  for  real  dimensions  of  OB  this  increase  of  zt  is 
insignificant  and  does  net  lead  to  a  significant  increase  of  the  eaf. 
Therefore  in  the  majority  of  cases  it  is  reccaaended  that  the  basic 
coil  be  arranged  so  that  its  center  is  in  the  plane  of  the  circuit  of 
the  current  collector  clcsest  tc  it.  Subseguently  such  an  arrangeaent 
is  assuaed  to  be  pre assigned. 

Arguaents  of  optimisation  cf  iH  and  b  are  deterained  as  a 
result  of  ainiaization  cf  the  cxiterial  function  of  volume 
V(Xn.  R*.  b)  while  observing  the  condition  E=ccnst.  Taking  (11)  and 
(13)  into  account  we  write  the  corresponding  eguations  in 
diaensionless  fora: 


V =*(#.-/?;)  A*; 

— pMF  V)  ]  C0*(Pd'^  =  const. 


(15) 


(16) 


The  obtained  notaticn  makes  it  possible,  with  satisfaction  of 

the  siailarity  criteria* 

R*.  =  RJR;  R\  =  R,/R;  b*  =  b[R; 

R*»~ RJRl  zi  ~ zt/ R*  zt^zJR\  /,  =  /,//„<><  idem 


to  extend  the  results  cf  calculation  to  a  nuaber  of  analogs 
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V  —  Vff?  <%.  idem;  E = EfpJ,xnceR*  ~  idem. 

Here  j#  is  the  current  density  in  a  randoa  point  of  the 
excitation  coil;  is  the  cuxxent  density  in  a  certain 

characteristic  point  cf  the  exaained  coil,  fox  exaaple  £-b/ 2. 

Let  ns  note  that  diaensicnless  caf  E* 0  fxoa  >e  excitation  coils  is 
determined  by  the  relationship 


(17) 


The  siniaua  of  function  (15)  with  condition  (16)  is  found  by  the 
net hod  of  indetersinant  la grange  aultiplers.  is  a  result  of 
conversions  we  obtain  a  systes  intc  which,  along  with  (16),  enters 
the  connecting  equation 


(18) 


/-it 


k\  +  *\ 


(£|  +  £L  =0). 

Ca*»  C=0 


Expression  (18)  is  written  tor  the  case  when  with  possible 
variations  of  the  excitation  coil  geoaetry  its  aedian  plane  remains 
iaaobile  relative  to  tte  axaatuze.  It  nay  be  shewn  that  if  for 
structural  considerations  it  is  necessary  to  fix  the  distance  between 
one  of  the  ends  of  the  ceil  (;-o  or  Z~b*)  and  the  araature  then 
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application  of  Lagrange *s  aethod  gives  relationships  identical  to 
(18)  bat  in  this  case 


or 


£|.  =o 

u** 

respectively  and  the  noltipliec  in  front  of  the  bracket  is  doubled. 


In  expanded  fora  (18)  is 


(19) 


MI  '■  «•-  (ft-  - 

I'  ['"*  '*■  (£~£).  + 
*•,0 

+/Ml  £-)?  ]  cosft/^*=0. 


Joint  solution  of  equations  (16)  and  (19)  lakes  it  possible  to 
deteraine  the  optinua  diaensions  of  the  inductance  coil  with  respect 
to  a  given  eaf.  For  obtaining  calculation  expressions  ve  integrate 
(16)  and  (19)  with  respect  to  coordinate  e: 


7"** 

//*.<*•  i)V?i mr** - 

“  /  (*«)  V fl*,I  did  ( = const; 

'* -  J  /••«*..  C)  (/  - 1  (JW  KS*-.!  rf- 


120) 
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— f  ft** & **>  i/ (*.*)  - 

(21)  "  *  *\ 

-f(ktk)Vx\ i+/\<£  o)\f(kjvw;- 

-/<*«) /** .!}*=<>. 


Here  function 

/(*)-4-IJC (*)-£<*)]  -WC(fe). 

•here  K(lc),  B(k)  are  the  complete  elliptical  integrals  respectively 
of  the  first  and  seccnd  kinds  with  the  sguare  cf  the  eodulus 

*■=*'  VK> +«)*+(*-  to 

■or cover 

k,  =a  I  ,  k ,  =  k  L  ; 

:-r*  :%*•• 

'*«*.  i;**, 

*«“**!?•  =  , 

!*•*%  I  C«6* 

**-*'L' ,=l;2- 


iith  a  constant  ccrzent  density  j#«const  equations  (16)  and  (19) 
■ay  be  represented  in  a  aispler  tors.  As  a  result  of  double 
Integration  using  conversions  £11]  ve  have: 
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(22) 


(e,  —  e,)  cos  =  const; 


(23) 


c,)cosfd<p=sO, 


where 


ft  t 

e« =  r  |  £zr-  *  +-r£i  —  '*cos2'?)ln  (*—  c-f  p)+ 

+  (z  —  C)  r  (cos  ?)Xln  (I  -  r  cos  ?  -f  p)  -f 

•  2  •  .  •  *  »7As  to* 

+  r  (sin 2?)  arctg t~'c<”T  +  *-C  + p 

rilnf 

c,=a„  61^+ d  »•»+ 

+  P  (I.  0)  +  r  (cos  ?)Xln  ( \  -  r  cos  <?  +  p  (i,  A*)|  -f- 


■ 

!•  * 


+  r(cos?)lnj«-rcos*-j-p(i,  0)]}" 


*i  =  e< 

•  >  ®*  —  ®< 

e 

II 

* 

'•  , 
rmfC, 

•  • 


C,—Ci 


:-r- 

«• 


ether  fores  of  notation  corresponding  to  unidisensional 
distributions  of  current  density  /*■  =  /*»( 1),  /*,—/*, (C),  are  given  in 
Appendix  1,  Let  us  note  that  the  sclution  of  the  inverse  problaa 
(i.e.  ,  obtaining  the  greatest  eai  in  the  case  of  a  given  voluae  of 
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* 

the  excitation  coil)  daring  differentiation  cf  E  with  respect  to  B* 
or  b*  and  $*const  leads  to  the  sees  calculation  relationships  (18) , 
(19),  etc.  Although  all  cf  the  dependences  given  above  are  directly 
valid  for  OH  with  a  single  pair  cf  current  collector  circuits,  they 
aay,  however,  be  extended  to  acre  general  cases  (see  Appendix  2) . 

nuaerical  Processing  and  Bxperiaetal  Check. 

Solution  of  the  systea  of  integral  relationships 
represented  in  the  fora  cf  (20)  and  (21)  or  (22)  and  (23)  relative  to 
known  b*,  B*H  aay  be  obtained  with  gradient  aethods  using  ccaputers 

[12],  for  exaaple,  by  the  aethod  of  the  fastast  start.  However,  for 

% 

plotting  design  curves  it  is  aore  convenient  to  solve  the  systea 
relative  to  the  paraaetexs  E,b*  cr  ?,H*R  .  In  this  case  equations 
(21)  and  (23)  are  solved  by  the  aethod  of  chords  or  the  aethed  of 
half  division  and  value  t  is  deterained  directly  as  a  result  of 
nuaerical  integration  cf  relaticnships  (20)  and  (22).  The  siaplicity 
of  the  algoritha  and  the  possibility  of  using  a  preliainarily  written 
prograa  for  finding  the  actual  roots  of  a  transcendental  equation 
deterained  the  selection  of  such  a  aethod  for  realization  on 
coaputers.  Solution  of  the  systea  (22)  and  (23)  was  carried  cut  on 
the  ”Hlnsk«’22M  coaputer  relative  to  the  unknowns  b*,  E.  The  error  of 
nuaerical  integration  in  this  case  was  and  the  assigned  error 

of  solution  of  equation  (2J)  fly  =  i*k— d»-i  <  0,05.  Analogous  calculations 
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according  to  foraulas  (20)  and  (21)  vara  performed  on  tha  "Hairi-2" 
co a pu tar. 

Numerical  integration  in  tha  process  of  calculations  was 
perforaed  using  the  Ganaaian  aathod.  The  calculations  showed  that  for 
achieving  the  saae  accuracy  as  ia  tha  preceding  case  it  is 
sufficient ,  in  tha  case  cf  single  integration,  to  use  the  quadratic 
foraula  with  6-8  points,  is  a  result  of  these  calculations  graphs 
were  plotted  (Pig.  2  anc  3)  which  sake  it  possible  to  deteraine  the 
optiaua  width  b*  and  height  he*  £*«—#*»  of  a  section  of  the 
inductance  coil  with  respect  tc  a  given  f. 


Pig.  2.  Optiaua  diaenslccs  of  tha  inductance  coil  of  a  cylindrical  OB 
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Fig.  3.  Optimum  diaensicns  of  the  inductance  coil  of  a  disk  Oil 

(zJf-2,*0.2;  R*a»0.  2). 


For  checking  the  piesentad  aethod  we  calculated  and  aeasured  the 
aagnatic  flux  of  aodala  cf  a  Quaker  of  axperiaantal  inductance  coils. 
Flux  was  daterained  using  a  weberaeter  type  F-18.  In  this  case  it  was 
taken  into  account  that 

£—  .  g  -3  .**  —  ft* 

tol'*ceR*  »' 


(2«) 


DOC  »  0673 


F AGE  21 


The  resalts  of  coapariscn  cf  experiaental  data  with  calcalation 
according  to  foraulas  (2C)  and  (22)  with  R*a*0  showed  their 
sufficiently  good  corr cspondene  (see  table,  where  v=“ 


«\ 

**. 

4* 

^P»CWT 

^bm.t 

».  % 

Ml 

1,69 

1,38 

0.69 

0.923 

0.928 

0,54 

1,25 

1.9 

1,55 

0,775 

1.009 

1,015 

0.6 

1.11 

1.38 

3,36 

1.68 

0.692 

0.693 

0,14 

1,25 

1,55 

3,78 

1.89 

0,774 

0,776 

0,26 

1.11 

1,655 

1.48 

0.74 

0,919 

0,927 

0,87 

1,25 

1,863 

1,66 

0,83 

1,007 

1,036 

2.9 

l.U 

1,723 

1.29 

0,646 

0.925 

0,904 

-2,8 

1.25 

1.94 

1.45 

0,726 

1.009 

0,990 

—1,89 

Table.  KEY :  1.  calculation.  2.  experiaent. 


Using  experiaenta 11 y  checked  calculation  algorithas  carves  were 
plotted  (Fig.  4)  which  alow  the  character  of  change  ^ depending  on 

the  geoaetry  of  the  coil  in  the  caae  of  preservation  of  the  constancy 

* 

of  the  relative  voluae  9.  As  is  evident  froa  fig.  2-4,  values  b*  and 
which  provide  the  extreaua  E,  in  all  cases  coincide  with 
their  values  obtained  fzca  soluticc  of  the  systea  (20) -(23).  The  use 
of  the  aethod  developed  above  is  illustrated  by  the  the  exaaple  of  a 
check  calculation  of  a  OB  (Appendix  2) . 


Evaluation  of  the  accuracy  cf  the  previously  suggested 
approxiaate  aethods  of  cptiaizatlcn  of  the  inductance  coil  showed  the 
following.  Optiaization  according  to  the  well-known  aethod  of  Fabry 


w 
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(with  respect  to  the  greatest  field  on  the  axis)*  suggested  as 
applied  to  DH  [3],  gives  an  errcz  with  respect  to  the  the  sides  of 
the  section  of  the  coil  for  the  versions  of  a  disk  aachine  calculated 
above  froa  90-15  Vo*  7bc  error  here  decreases  in  proportion  to  the 
increase  in  the  diaenslcas  cf  the  inductance  coil.  For  cylindrical 
aachines*  especially  in  the  case  when  using  relatively  short  aratures 
(X<  1. 5)  this  aethod  leads  to  even  greater  errers.  The  relationship  of 
sides*  deterained  according  tc  [5]  (coinciding  in  individual  cases 
with  the  optiaua)  for  various  R\  aay  give  a  deviation  up  tc 
40-50  Vo  (Pig*  5).  Beth  of  these  methods*  however,  [5  and  13]  give  a 
satisfactory  qualitative  characteristic  cf  the  change  of  the  geoaetry 
cf  the  inductance  coil  with  an  increase  cf  its  voluae  (especially  for 
disk  OH)  and  in  light  cf  the  sufficiently  plane  eztreaua  eaf  they  say 
he  used  in  estiaating  calculations. 


Fig*  4.  Results  of  the  calculation  of  the  relative  eaf  E  for  various 
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dimensions  of  coils  while  saintaining  constancy  of  voluae  V»cont. 
1,  3  -  cylindrical  OH,  i.i:  v,-40:  2,4-  disk  OH 

*-*,  -0.2;  *-  12.5:  I:  $,m  «x 


Fig.  5.  Dependence  of  the  relaticnship  of  sides  cf  an  inductance  coil 
of  a  disk  OH  on  the  relative  voluae  of  the  excitation  coil.  I  - 
calculated  according  tc  [14];  II  -  calculated  according  to  [5];  III  - 
calculated  according  tc  (18). 


Conclusions. 

Expressions  were  ettained  fee  deter aination  of  the  basic 
dimensions  of  the  armature  and  inductance  ceil  of  UH  without  a 
ferroaagnetic  circuit,  integral  reiat ionship s  assigning  the  optieue 
gecaetry  of  the  inductance  coil  were  numerically  processed  on  a 
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computer.  As  a  result  calculation  curves  were  plotted  from  which  the 
geoeetric  paraaeters  of  an  annular  ezcitaticn  coil  with  a  given 
relative  eaf  are  determined,  ih e  presented  aethcd  is  sore  universal 
and  accurate  than  these  suggested  earlier  and  corresponds  well  to 
experiaental  results. 

Appendix  1. 


For  7.-?.  (C) 

**«  - 

£  -  f  jJ,  In  (*  -  l  +  f't)  - 

—  R,  tn(z*  —  5*4-  h)]|=(J  co*  fdfd\  =»  const: 

■ 

>-j7.  ( Rm )  {kt  In  [*,  -  £fe‘  la  [2.  - 

-*  +  h  (^)]>^C0*T^  + 
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7—  f  f/,  («)  f - **'  w - —  .  ]  cos  fdfdt 

l P*» (*•»«)  PV(«*..0  J 

— 3»-jp»~p*  (*#)  [,‘  ^  “  *•  <*• 1)1  + 

■  ■  k-0 

+  /.  (0)  V,  (1.0)-  lt  (f.  0)]£^  cos  fdf  -  0. 


where  /,  —  *?+*»  cosy  la  (J+ f  — *  cos  f). 


•  „ 
rmfrt 
•  • 
!■% 


•  It**!, 


f  ■  D*! 
•  • 
«“>*• 


Appendix  2.  Checking  calculation  of  the  nnipolar  eotor  of  the  fin 
IHD  [9]. 


1.  Diaaetec  and  active  length  of  the  araature.  The  examined 
aotoc  has  two  pairs  of  ccllectozs  (1^*2)  connected  in  series  and 
syaaetrically  arranged  cclative  tc  the  excitation  ceil.  Therefore  the 
electroaagnetic  aoaent  cce  to  one  active  section  coaprises  half  of 
the  aeaent  of  the  aotoi:  M.-M.*/m«-o^e6-io»  Me.  According  to  (3) 

.  J/XT  ,VXiM.io*  . 

DmmV  Tu^-K 

J-U>- 0,375-2, 18  -  0,81  m. 


where  •■"•■/Aw— 15750  j/a *# 
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0,B«*  (Z)*,  -j-  D*,)  kBBmA 


■fl-W  a.Va  850_99i()4  3/mJ 


4*9850  A/a  (winding  cf  tha  araatura  with  direct  water  cooling). 

2.  The  internal  radius  of  the  excitation  coil 

3.  The  relative  etf.  Considering  that  ma^t.  we  have: 


4.  The  external  radius  and  tha  width  of  the  excitation  coil. 
Disregarding  the  insignificant  deviations  of  faraaeters  Su  !tjrt  froa 
those  calculated  according  to  the  curves  of  Fig.  3  we  find 
#•*— 1.3,  6* » o,5i;  then  1,405  a,  b-b’R*- o*56  a.  The  coefficient 

deter ained  according  to  the  found  diaensions  using  [4]  coincides  with 
the  value  accepted  during  the  check  calculation  *,-0.553.  . 

Paraaeters  of  the  real  aotox  (,<?]:  0*2.16  a;  1*0.81  a;  Rt  *1.2  a; 
R„  *1.42  a;  b*0.535  a.  Ike  values  calculated  above  correspond  well  to 
this  data. 


Received  7  June  1971 
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